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T he economic burden of diabetes in the United States 

is estimated to be $245 billion annually (in 2012 US$), 

representing $176 billion in direct medical costs and $69 

billion in lost productivity.1 Type 2 diabetes (T2D) may initially 

be managed with noninsulin therapies, such as oral antidiabetes 

drugs (OADs); however, with disease progression, patients may 

require insulin therapy to achieve glycemic control.2 If glycemic 

targets are not achieved after 3 months on metformin, adding 

basal insulin therapy is among the recommended management 

strategies and is considered to have the highest efficacy.3 Clini-

cal evidence supports the conclusion that basal insulins—par-

ticularly longer-acting formulations—are associated with fewer 

hypoglycemia events than shorter-acting insulins4,5; however, 

even with basal insulin, hypoglycemia is a concern. 

Hypoglycemia is a major burden to the healthcare eco-system. 

Not only is it a barrier to achieving glycemic control in diabetes, 

but it also may be associated with increased clinical and economic 

healthcare burdens, and have a negative impact on patient quality of 

life and medication adherence.6-10 Better insight into risk factors for 

hypoglycemia could help identify patients who are more likely to ex-

perience hypoglycemia and could thus help guide management.11,12

This retrospective cohort study used commercial and Medicare 

Advantage data to allow inclusion of a broad population represen-

tative of adults with T2D in the United States. Study aims were to 

identify risk factors for hypoglycemia and to assess the clinical 

and economic burdens of hypoglycemia in patients with T2D who 

added basal insulin to OADs.

METHODS
This retrospective cohort study used combined commercial insur-

ance (patients of working age) and Part C Medicare Advantage 

(elderly patients) with Part D populations from the nationwide 

Clinformatics Data Mart Database (OptumInsight, Eden Prairie, 

Minnesota). Administrative data, medical and pharmacy claims, 

and some laboratory results were available. Data were submitted by 
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ABSTRACT

OBJECTIVES: To assess the impact of hypoglycemia and 
potential underlying factors of economic burden in patients with 
type 2 diabetes (T2D) who are initiating basal insulin therapy.

STUDY DESIGN: This retrospective cohort study combined 
commercial insurance and Medicare Advantage data from 
the Clinformatics Data Mart. 

METHODS: Adults with T2D on oral antidiabetes drugs 
initiating basal insulin (n = 18,918) were assessed at baseline 
(12 months prior to insulin initiation) and follow-up (1 and 2 
years). The population was stratified by whether or not patients 
experienced hypoglycemia during year 1 after insulin initiation. 
Outcomes included hypoglycemia rate, complications, 
comorbidities, and adjusted economic burden (primary).

RESULTS: There were 1683 (8.9%) patients in the hypo-
glycemia group and 17,235 (91.1%) in the no-hypoglycemia 
group. During year 1, the estimated rate of hypoglycemia 
events was 0.412 per member per year. Baseline hypoglyce-
mia was the strongest predictor of subsequent hypoglyce-
mia. The hypoglycemia group was older, with a significantly 
greater clinical and economic burden at baseline; these 
differences persisted during follow-up. In the hypoglycemia 
group, for every 100 members per year, 463 hypoglycemia 
episodes were recorded, with a mean cost per episode of 
$986. Hypoglycemia-related medical expenses accounted for 
12.6% ($4563/$36,272) of total healthcare expenditure, with 
hypoglycemia-related hospitalizations accounting for 19.7% 
($2602/$13,191) of total hospitalization expenditure.

CONCLUSIONS: Compared with patients with no 
hypoglycemia-related claims in year 1 after basal insulin 
initiation, patients with a hypoglycemia-related claim had a 
greater burden of complications and comorbidity associated 
with significantly higher healthcare utilization and cost at 
baseline; these persisted during follow-up. 
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managed care organizations, hospitals, Medi-

care supplement (ie, beneficiaries enrolled in 

Part C), and employers (small- to large-scale). 

Patient Selection and Cohort 
Construction

Adults 18 years or older with T2D were iden-

tified from January 1, 2007, to September 

30, 2014, via International Classification of 

Diseases, 9th Revision, Clinical Modification 

(ICD-9-CM) diagnosis codes: 250.xx, 357.2, 

362.0x, 366.41. Additional criteria were used 

to “de-select” individuals with type 1 diabetes, 

as follows: a) if no OADs were prescribed within 1 year from the 

diagnosis of diabetes and the medication possession ratio (MPR) 

of any insulin was ≥80%, b) or if the patient was younger than 

30 years and on insulin only, c) or if diabetic ketoacidosis was 

diagnosed and the MPR of any insulin was ≥80% in the following 

year. Gestational diabetes was excluded.

Eligible patients had been dispensed at least 2 prescriptions 

of basal insulin (insulin glargine, insulin detemir, or neutral 

protamine Hagedorn insulin) within 6 months of initiating basal 

insulin as an add-on to OADs. At least 36 months of continuous 

healthcare coverage were required (baseline defined as 12 months 

before basal insulin initiation [index]; follow-up defined as 12 and 

24 months after initiation). Only patients with at least 2 prescrip-

tions for OADs during baseline were included. 

Outcome Measures

Clinical outcome measures included hypoglycemia (ICD-9-CM 

codes: 250.8, 251.0, 251.1, 251.2), glycated hemoglobin (A1C), diabetes 

complications (macrovascular: cardiovascular disease, peripheral 

arterial disease, and stroke; microvascular: retinopathy, kidney dis-

ease/nephropathy, and neuropathy, including foot infection and 

lower extremity amputation), comorbid conditions, and concomi-

tant medications. ICD-9-CM codes for diabetes complications and 

comorbid conditions are provided in eAppendix A (eAppendices 

available at ajmc.com). The Charlson Comorbidity Index (CCI) score, 

predicting 10-year mortality by weighing 17 comorbid conditions, 

was calculated to measure disease burden and case mix.13

Healthcare utilization point-of-service (POS) settings included 

inpatient hospitalizations and procedures, emergency department 

(ED) visits, skilled nursing facility (SNF) stays, home care visits 

(eg, visiting nurses), and outpatient/office visits. Utilization was 

reported by annual rate and by number of episodes per member 

per year (PMPY). Hypoglycemia-related utilization was reported by 

episodes per 100 members per year. For healthcare cost, total PMPY 

spending (pharmacy and medical) and PMPY spending correspond-

ing to each POS setting were calculated. Hypoglycemia-related 

medical costs were calculated for each POS setting.

Statistical Methods
Descriptive statistics—mean (standard deviation [SD]) or median—

and percentage and frequencies of various outcome measures 

were stratified by whether patients experienced hypoglycemia 

(hypoglycemia group) or did not experience hypoglycemia (no-

hypoglycemia group) during year 1. To identify hypoglycemia 

risk factors, univariate analyses (Mann-Whitney test or t test for 

continuous variables, and Cochran-Mantel-Haenszel/χ2 test for 

categorical variables) and a multivariate logistic regression model 

were employed. Patient baseline characteristics (ie, demographic/

clinical characteristics, underlying conditions, medications, and 

hospital and ED utilization) were considered. 

Unadjusted costs were presented as overall cost, diabetes-

related cost, and hypoglycemia-related cost. Because the total 

expenditure was highly skewed to the right, assumption of con-

stant variance was often violated, and inpatient hospitalization 

was uncommon, a generalized linear model assuming gamma 

distribution with log-link function was adapted to estimate total 

expenditure and inpatient hospital cost, adjusting for patient base-

line characteristics. Adjusted cost was run on Statistical Analysis 

Software (SAS) version 9.2 (SAS Institute, Cary, North Carolina). 

Baseline characteristics, including those that were statistically 

significant in multivariate logistic regression, were added into the 

cost model and included: age at basal insulin initiation (≥65/<65 

years), hypoglycemia (yes/no), endocrinologist visits (yes/no), car-

diologist visits (yes/no), metformin (yes/no), sulfonylureas (yes/

no), dipeptidyl peptidase-4 inhibitors (yes/no), any antihyperten-

sion medication (yes/no), CCI score, nephropathy exam (yes/no), 

retinopathy (yes/no), neuropathy (yes/no), chronic kidney disease 

(yes/no), any pancreatitis (yes/no), hyperlipidemia (yes/no), hyper-

tension (yes/no), any macrovascular disease (yes/no), any gastro-

intestinal disorders (yes/no), any cardiovascular procedures (yes/

no), obesity (yes/no), mental illness (yes/no), foot infection (yes/

no), any inpatient visit (yes/no), any ED visit (yes/no), and total cost.

Sensitivity analyses were conducted to assess the potential im-

pact of sulfonylureas, prandial insulin, and/or beta-blockers, since 

these medication classes can cause hypoglycemia or mask hypo-

TAKEAWAY POINTS

Patients with type 2 diabetes (T2D) who experienced hypoglycemia after adding basal insulin 
to oral antidiabetes drugs had a significantly greater clinical and economic healthcare burden 
at baseline, which persisted during follow-up. 

 › This analysis combined members of both commercial and Medicare Advantage plans, provid-
ing a representative sample of T2D in the United States. 

 › Consistent with other reports, we suggest hypoglycemia may be a marker for increased 
susceptibility to adverse healthcare outcomes. 

 › We speculate that earlier basal insulin initiation (ie, when disease burden is low) may incur 
a lower hypoglycemia risk, whereas delayed insulin (ie, when disease burden is high) may 
require closer monitoring. However, the current analysis was not designed to assess this, 
and prospective clinical trials are needed.
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glycemia symptoms and influence hypoglycemia rates. A subgroup 

analysis by A1C
  
achieved during year 1 of follow-up was conducted. 

Baseline characteristics were also stratified by health plan (com-

mercial vs Medicare Advantage) and age (≥65 years vs <65 years).

RESULTS 
Patient Population

A total of 18,918 basal insulin initiators were identified (eAppendix B).  

The mean age was 64 years (SD = 13) and 1732 (9.2%) patients initi-

ated basal insulin in the hospital. In the 12 months before initiat-

ing basal insulin, 3.9% (741/18,918) of patients had experienced 

hypoglycemia. During year 1 after basal insulin initiation, 8.9% of 

patients experienced hypoglycemia. There were 7792 hypoglycemia 

events in year 1, corresponding to an estimated rate of 0.412 events 

PMPY in the overall population. When stratified by hypoglycemia 

during year 1 (ie, hypoglycemia [n = 1683] and no-hypoglycemia [n 

= 17,235] groups), gender distribution was comparable; however, 

the hypoglycemia group had more patients 65 years or older versus 

the no-hypoglycemia group (62.2% vs 51.6%; P <.001) (Table 1). Ad-

ditional baseline differences included more patients experiencing 

hypoglycemia (16.2% vs 2.7%) prior to insulin initiation, a higher 

prevalence of microvascular (60.0% vs 39.8%) and macrovascular 

(49.2% vs 30.2%) complications, and greater CCI score (4.2 [2.6] vs 

3.0 [2.3]) in the hypoglycemia versus no-hypoglycemia group (all P 

<.001). Baseline healthcare utilization and cost were significantly 

higher in the hypoglycemia group (Tables 2 and 3).

TABLE 1. Baseline and Follow-up Parameters Stratified by Patients Who Did or Did Not Experience Hypoglycemiaa

Hypoglycemia at 
Year 1 Follow-up?

Baseline Follow-up Year 1 Follow-up Year 2

Yes
(n = 1683)

No
(n = 17,235) P

Yes
(n = 1683)

No
(n = 17,235) P

Yes
(n = 1683)

No
(n = 17,235) P

Age, years 66 ± 12.8 63 ± 13.3 <.001

≥65 1046 (62.2) 8900 (51.6) <.001

Male 835 (49.6) 8979 (52.1) .052

Median number of OAD 
classes

2 2 N/A 1 1 N/A 1 1 N/A

Medications

Biguanide (metformin) 1138 (67.6) 12,113 (70.3) .023 743 (44.1) 9100 (52.8) <.001 621 (36.9) 8162 (47.4) <.001

Sulfonylureas 1197 (71.1) 11,269 (65.4) <.001 775 (46.0) 7580 (44.0) .103 539 (32.0) 6312 (36.3) <.001

Hypoglycemia 273 (16.2) 468 (2.7) <.001 1683 (100) 0 (0) N/A 600 (35.7) 1094 (6.3) <.001

Microvascular complicationsb 1010 (60.0) 6865 (39.8) <.001 1222 (72.6) 7824 (45.4) <.001 1176 (69.9) 8350 (48.4) <.001

Retinopathy 266 (15.8) 2112 (12.3) <.001 385 (22.9) 2561 (14.9) <.001 368 (21.9) 2755 (16.0) .002

Neuropathy 501 (29.8) 2516 (14.6) <.001 689 (40.9) 3303 (19.2) <.001 668 (39.7) 3744 (21.7) <.001

Foot infection 297 (17.6) 725 (4.2) <.001 440 (26.1) 762 (4.4) <.001 354 (21.0) 908 (5.3) <.001

Nephropathy 660 (39.2) 4287 (24.9) <.001 830 (49.3) 4905 (28.5) <.001 815 (48.4) 5283 (30.7) <.001

Chronic kidney disease 462 (27.5) 2697 (15.6) <.001 608 (36.1) 3283 (19.1) <.001 625 (37.1) 3746 (21.7) <.001

Macrovascular complicationsc 828 (49.2) 5206 (30.2) <.001 978 (58.1) 5495 (31.9) <.001 892 (53.0) 5622 (32.6) <.001

CCI 
(including diabetes diagnosis)

4.2 ± 2.6 3.0 ± 2.3 <.001 5.0 ± 2.8 3.2 ± 2.4 <.001 4.8 ± 2.9 3.4 ± 2.5 <.001

A1Cd (%)
9.0 ± 2.0 
(n = 191)

 9.4 ± 2.0 
(n = 2321)

.004
8.5 ± 1.7
(n = 191)

8.7 ± 1.8
(n = 2321)

.076
8.4 ± 1.8
(n = 191)

8.6 ± 1.9
(n = 2321)

.241

<7 29 (15) 188 (8) .002 33 (17) 332 (14) .198 41 (21) 388 (17) .403

≥7 to <8 41 (21) 441 (19) 50 (26) 602 (26) 47 (25) 632 (27)

≥8 to <9 43 (23) 484 (21) 48 (25) 493 (21) 39 (20) 498 (21)

≥9 78 (41) 1208 (52) 60 (32) 894 (39) 64(34) 803 (35)

A1C indicates glycated hemoglobin; CCI, Charlson Comorbidity Index; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GLP-1 RA, 
glucagon-like peptide-1 receptor agonist; N/A, not applicable; OAD, oral antidiabetes drug.
aData are presented as n (%) or mean ± standard deviation, unless otherwise indicated. All categorical variables were analyzed using a χ2 test and continuous 
variables were analyzed using a t test.
bExperiencing any of retinopathy, neuropathy, or nephropathy.
cMacrovascular complications included cardiovascular disease, peripheral arterial disease, and stroke. 
d Laboratory values (eGFR and A1C) were presented based on patients who had measurements at baseline and at year 1 and year 2 follow-ups. 
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Predicting Hypoglycemia During Year 1 After Basal 
Insulin Initiation

The strongest predictor of hypoglycemia during year 1 was hypogly-

cemia at baseline (OR, 5.49; 95% CI, 4.79-6.28) (Figure 1). Additional 

significantly predictive baseline factors included foot infection, 

neuropathy, inpatient hospitalization, macrovascular complica-

tions, chronic kidney disease, ED visits, and being at least 65 years.

Clinical Outcomes 

Baseline differences observed between the hypoglycemia versus 

the no-hypoglycemia group remained significant during years 1 

and 2 of follow-up (Table 1 and eAppendix C). In both groups, 

the median number of OADs decreased from 2 to 1 during year 1 

and remained at 1 during year 2. Reductions were seen for all OAD 

classes. For example, in the hypoglycemia group, sulfonylurea use 

declined from 71% at baseline to 46% during year 1 and to 32% 

during year 2. Declines in sulfonylurea use in the no-hypoglycemia 

group appeared comparable.

Microvascular and macrovascular complications and comor-

bidities appeared to increase to a greater degree in the hypoglyce-

mia group versus the no-hypoglycemia group. In line with these 

observations, in the hypoglycemia group, the CCI score changed 

from 4.2 (2.6) at baseline to 5.0 (2.8) and 4.8 (2.9) in years 1 and 2, 

respectively; whereas in the no-hypoglycemia group, the CCI score 

changed from 3.0 (2.3) to 3.2 (2.4) and 3.4 (2.5). 

Glycemic control data at baseline and follow-up were available 

for a subset of patients (n = 2512; 13.3%). A1C decreased by 0.5% 

and 0.7% in the hypoglycemia and no-hypoglycemia groups, re-

spectively, during year 1, and by an additional 0.1% in both groups 

during year 2. The proportion of patients with A1C
 
≥9% decreased 

from 41% at baseline to 32% during year 1 in the hypoglycemia 

group and from 52% to 39% in the no-hypoglycemia group; reduc-

tions were maintained in year 2.

Healthcare Utilization and Cost

At baseline, the hypoglycemia group was associated with signifi-

cantly higher healthcare utilization versus the no-hypoglycemia 

group in all areas except outpatient/office visits (Table 2). Differ-

ences remained significant in both follow-up years, during which 

outpatient/office visits were also significantly higher in the hypo-

glycemia group. The inpatient hospitalization rate was 80% higher 

in the hypoglycemia versus no-hypoglycemia group (45.5% vs 

25.1%; P <.001) at baseline and more than 90% higher at follow-up 

time points. During year 1, the number and duration of hospitaliza-

tions, number of ED visits, and number of SNF stays decreased in 

the no-hypoglycemia group but increased in the hypoglycemia 

group. During year 2, utilization appeared to be comparable with or 

below baseline in both groups. Hypoglycemia-related facility utili-

zation was significantly higher for the hypoglycemia group versus 

the no-hypoglycemia group, both at baseline and during year 2. 

Total healthcare expenditure at baseline was significantly higher 

in the hypoglycemia group versus the no-hypoglycemia group 

($25,022 [$37,303] vs $15,649 [$30,034]; P <.001) (Table 3). Pharmacy 

costs were comparable between groups, thus the difference was 

solely driven by medical costs; these were approximately double 

in the hypoglycemia group versus the no-hypoglycemia group in 

all areas. Total expenditure during follow-up appeared relatively 

unchanged in the no-hypoglycemia group, but increased by $11,250 

in the hypoglycemia group during year 1; major contributors to 

this increased cost were outpatient visits followed by pharmacy 

expenditure. In both groups, pharmacy costs increased during 

follow-up, with diabetes-related pharmacy cost doubling. In the 

hypoglycemia group, diabetes-related medical costs increased by 

approximately $3000 during year 1 of follow-up, but declined to 

below baseline levels during year 2; in the no-hypoglycemia group, 

diabetes-related medical costs declined slightly during follow-up.

In the hypoglycemia group, for every 100 members per year, 463 

hypoglycemia episodes were recorded, with a mean cost per epi-

sode of $986. The annual cost PMPY was higher among patients who 

experienced multiple episodes of hypoglycemia (Figure 2). Among 

patients experiencing hypoglycemia (n = 1683), hypoglycemia-

related medical expenses ($4563) accounted for 12.6% and 15.6% of 

the total healthcare expenditure ($36,272) and medical expenditure 

($29,207), respectively, with hypoglycemia-related hospitalizations 

accounting for 7.2% ($2602/$36,272) of total healthcare expenditure 

and 19.7% ($2602/$13,191) of total hospitalization expenditure.

Sensitivity/Subgroup Analysis

Subgroup analyses data are provided in the eAppendix. Briefly, 

significant baseline differences were noted when the population 

was stratified by health plan (eAppendix D) or by age (eAppendix 

E). Findings from sensitivity analyses based on sulfonylurea, beta-

blocker, and/or prandial insulin use were consistent with those in 

the overall patient population (eAppendix F). 

In the A1C
 
sub-analysis, patients who achieved A1C less than 

7% during year 1 were older and had lower baseline A1C, a higher 

baseline CCI score, a higher follow-up hypoglycemia event rate 

(11.2% vs 8.7%), and higher baseline and follow-up hospitalization 

rates versus patients with A1C ≥7% (eAppendix G). Regardless of 

A1C level, patients with hypoglycemia had greater clinical burden.

DISCUSSION
This retrospective cohort analysis of 18,918 patients with T2D on 

OADs who initiated basal insulin therapy showed that patients 

who experienced hypoglycemia during year 1 of follow-up had 

significantly greater baseline comorbidity versus patients who did 

not. Compared with the no-hypoglycemia group, the hypoglycemia 

group had higher healthcare utilization, which was associated with 

a 60% higher total healthcare expenditure at baseline. This in-
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creased economic burden among patients with hypoglycemia is not 

surprising given the apparent inherently greater disease burden. 

Baseline differences in clinical and economic burden between the 

hypoglycemia and no-hypoglycemia groups remained significant 

during follow-up. Hypoglycemia-related medical expenditure 

represented more than 10% of total healthcare expenditure in the 

hypoglycemia group, with hypoglycemia-related hospitalizations 

accounting for almost 20% of total hospitalization cost.

Although statistical comparisons from baseline to follow-up 

were not conducted, it appears that being in the hypoglycemia 

group was associated with relatively greater increases in clinical 

burden, particularly macrovascular complications. This is con-

sistent with a retrospective cohort study that found that patients 

with hypoglycemia after initiation of antidiabetes treatments  

(n = 761) had a significantly increased risk of microvascular com-

plications and macrovascular events compared with propensity 

score-matched controls.14

The potential negative impact of hypoglycemia in T2D was raised 

by the ACCORD (Action to Control Cardiovascular Risk in Diabetes), 

ADVANCE (Action in Diabetes and Vascular Disease: Preterax and 

TABLE 2. Economic Burden Stratified by Occurrence of Hypoglycemic Event(s) (yes or no) at Year 1 Follow-up: Healthcare Utilizationa

Hypoglycemia at  
Year 1 Follow-up?

Baseline Follow-up Year 1 Follow-up Year 2

Yes
(n = 1683)

No
(n = 17,235) P

Yes
(n = 1683)

No
(n = 17,235) P

Yes
(n = 1683)

No
(n = 17,235) P

Overall facility utilization

Inpatient hospitalization
Duration of  
hospitalization daysb

765 (45.5)
11.92 ± 
13.18

4332 (25.1)
9.48 ± 
11.75

<.001
<.001

876 (52.0)
11.97 ± 
16.14

3996 (23.2)
6.76 ± 
9.12

<.001
<.001

581 (34.5)
12.34 ± 
14.23

3106 (18.0)
9.42 ± 
13.76

<.001

ED 671 (39.9) 4019 (23.3) <.001 743 (44.1) 3517 (20.4) <.001 596 (35.4) 3535 (20.5) <.001

SNF 166 (9.9) 716 (4.2) <.001 207 (12.3) 485 (2.8) <.001 163 (9.7) 590 (3.4) <.001

Homecare visit 176 (10.5) 649 (3.8) <.001 366 (21.7) 1128 (6.5) <.001 221 (13.1) 834 (4.8) <.001

Outpatient/office
1470 
(87.3)

14,833 
(86.1)

.146
1482  
(88.1)

14,569 
(84.5)

<.001
1436  
(85.3)

14,183 
(82.3)

.002

Facility utilization related to hypoglycemia

Inpatient hospital 40 (2.4) 57 (0.3) <.001 192 (11.4) N/A N/A 64 (3.8) 151 (0.9) <.001

ED 38 (2.3) 97 (0.6) <.001 299 (17.8) N/A N/A 67 (4.0) 204 (1.2) <.001

SNF 7 (0.4) 15 (0.1) <.001 53 (3.1) N/A N/A 21 (1.3) 49 (0.3) <.001

Homecare visit 19 (1.1) 15 (0.1) <.001 107 (6.4) N/A N/A 44 (2.6) 45(0.3) <.001

Outpatient/office 166 (9.9) 263 (1.5) <.001 980 (58.2) N/A N/A 372 (22.1) 546 (3.2) <.001

Overall number of events (PMPY)

Inpatient hospital 0.76 ± 1.15 0.37 ± 0.81 <.001 1.09 ± 1.57 0.34 ± 0.8 <.001 0.69 ± 1.30 0.29 ± 0.78 <.001

ED 2.27 ± 5.45 1.13 ± 3.54 <.001 3.16 ± 7.35 1.04 ± 3.58 <.001 2.33 ± 5.66 1.07 ± 3.50 <.001

SNF 1.34 ± 9.74 0.48 ± 4.37 <.001 1.67 ± 8.01 0.29 ± 3.15 <.001 1.31 ± 6.65 0.33 ± 3.52 <.001

Homecare visit 1.73 ± 9.25 0.51 ± 4.22 <.001 5.43 ± 20.55 1.11 ± 7.81 <.001 4.02 ± 19.23 0.96 ± 8.17 <.001

Outpatient/office
17.92 ± 
18.58

13.68 ± 
15.82

<.001
27.25 ± 
29.06

15.97 ± 
20.87

<.001
22.86 ± 
29.99

14.43 ± 
21.72

<.001

Number of events related to hypoglycemia per 100 members per year

Any hypoglycemia eventsc 173 13 <.001 463 N/A N/A 263 24 <.001

Inpatient hospital 7 1 <.001 12 N/A N/A 5 1 <.001

ED 8 1 <.001 24 N/A N/A 7 2 <.001

SNF 5 0 <.001 9 N/A N/A 4 1 <.001

Homecare visit 24 1 <.001 77 N/A N/A 53 4 <.001

Outpatient/office 74 5 <.001 225 N/A N/A 135 9 <.001

ED indicates emergency department; N/A, not applicable; PMPY, per member per year; POS, point-of-service; SNF, skilled nursing facility.
aData are presented as n (%) or mean ± standard deviation, unless otherwise noted. All categorical variables were analyzed using an χ2 test and continuous vari-
ables were analyzed using a t test.
bBased on patients who were hospitalized.
cThe majority of hypoglycemia events (75%) were reported in the following POS settings: inpatient/hospital, ED, SNF, outpatient/office, or homecare visit; the 
remaining hypoglycemia events were mainly reported from independent laboratories or other unlisted facilities, or no POS was reported (accounted for a large 
proportion of unreported POS here).
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Diamicron MR Controlled Evaluation), and VADT (Veterans Af-

fairs Diabetes Trial) studies in which intensive glycemic control 

was associated with higher rates of severe hypoglycemia than less 

intensive control.15-17 None of these studies achieved their primary 

endpoint of reduced cardiovascular events, and in the case of  

ACCORD, significantly higher cardiovascular mortality was re-

ported with intensive control. 

Whether severe hypoglycemia contribute to excess cardiovascu-

lar mortality has been a subject of debate.18 In an epidemiological 

analysis of ACCORD (n = 10,251), symptomatic, severe hypoglycemic 

events were associated with higher mortality risk; however, pa-

tients with hypoglycemia in intensive therapy had a lower mortality 

risk than those in the standard group. Thus, the authors speculated 

that susceptibility to hypoglycemia may be a marker for underly-

ing factor(s)/condition(s) that increase mortality risk even among 

patients with controlled T2D.19 Similarly, an analysis of ADVANCE 

(n = 11,140) reported a strong association between severe hypogly-

cemia and adverse outcomes, but could not conclusively attribute 

direct causality, suggesting that hypoglycemia may be a “marker 

of vulnerability to a wide range of adverse clinical outcomes.”20

TABLE 3. Economic Burden Stratified by Occurrence of Hypoglycemic Event(s) (yes or no) at Year 1 Follow-up: Healthcare Expendi-
ture per Member per Yeara

Hypoglycemia at 
Year 1 Follow up?

Baseline Follow-up Year 1 Follow-up Year 2

Yes
(n = 1683)

No
(n = 17,235) P

Yes
(n = 1683)

No
(n = 17,235) P

Yes
(n = 1683)

No
(n = 17,235) P

Total Costb $25,022 ± 
$37,303

$15,649 ± 
$30,034

<.001
$36,272 ± 
$55,537

$16,033 ± 
$27,556

<.001
$29,831 ± 
$54,044

$15,938 ± 
$31,552

<.001

Pharmacy cost
$4436 ± 
$5317

$4264 ± 
$7303

.346
$7064 ± 
$8126

$6342 ± 
$8718

.001
$6579 ± 
$9381

$5876 ± 
$8184

<.001

Medical cost
$20,586 ± 
$36,582

$11,384 ± 
$28,720

<.001
$29,207 ± 
$54,299

$9691 ± 
$25,518

<.001
$23,252 ± 
$52,736

$10,062 ± 
$29,771

<.001

Inpatient hospital
$11,091 ± 
$27,966

$5810 ± 
$22,615

<.001
$13,191 ± 
$36,070

$3442 ± 
$14,289

<.001
$8956 ± 
$27,836

$3703 ± 
$18,083

<.001

ED 
$1032 ± 
$3234

$472 ± 
$1862

<.001
$1437 ± 
$4293

$428 ± $1853 <.001
$1090 ± 
$3199

$453 ± $1806 <.001

SNF
$1402 ± 
$6816

$495 ± 
$3698

<.001
$1371 ± 
$6124

$265 ± $2524 <.001
$1080 ± 
$5648

$335 ± $2863 <.001

Homecare visit
$384 ± 
$1926

$160 ± 
$2945

.002
$1466 ± 
$7602

$291 ± $2867 <.001
$961 ± 
$5482

$266 ± $3045 <.001

Outpatient/office
$6677 ± 
$14,796

$4447 ± 
$11,328

<.001
$11,743 ± 
$27,347

$5266 ± 
$17,573

<.001
$11,165 ± 
$34,878

$5305 ± 
$19,003

<.001

Diabetes-related  
total cost

$10,097 ± 
$17,855

$5679 ± 
$10,902

<.001
$14,722 ± 
$21,651

$6636 ± 
$9452

<.001
$10,274 ± 
$16,473

$6309 ± 
$11,135

<.001

Pharmacy cost
$1251 ± 
$1460

$1385 ± 
$1584

<.001
$2863 ± 
$2056

$2950 ± 
$2128

.109
$2581 ± 
$2601

$2740 ± 
$2452

.012

Medical cost
$8846 ± 
$17,903

$4294 ± 
$10,870

<.001
$11,859 ± 
$21,573

$3686 ± 
$9265

<.001
$7693 ± 
$16,390

$3570 ± 
$10,862

<.001

Hypoglycemia- 
related medical cost

$2409 ± 
$13,320

$197 ± 
$2796

<.001
$4563 ± 
$14,455

N/A N/A
$1855 ± 
$9306

$289 ± $3777 <.001

Inpatient hospital 
$1782 ± 
$12,334

$146 ± 
$2649

<.001
$2602 ± 
$12,447

N/A N/A
$894 ± 
$6816

$193 ± 
$3213

<.001

ED
$53 ± 
$357

$10 ± 
$143

<.001
$184 ± 
$693

N/A N/A
$68 ± 
$643

$13 ± 
$171

<.001

SNF $8 ± $248 $0 ± $4 <.001 $18 ± $565 N/A N/A $2 ± $33 $0.04 ± $10 <.001

Homecare visit
$57 ± 
$875

$2 ± 
$85

.002
$143 ± 
$1171

N/A N/A
$100 ± 
$1334

$7 ± 
$256

<.001

Outpatient/office
$510 ± 
$3156

$40 ± 
$625

<.001
$1616 ± 
$6715

N/A N/A
$791 ± 
$5447

$76 ± 
$1553

<.001

ED indicates emergency department; N/A, not applicable; SNF, skilled nursing facility.
aAll data are reported as mean ± standard deviation cost in United States dollars. All categorical variables were analyzed using an χ2 test and continuous variables 
were analyzed using a t test.
bTotal cost = pharmacy cost + medical cost; medical cost = inpatient hospitalization cost + ED cost + SNF cost + homecare visit cost + outpatient/office visit cost.
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Our results are consistent with this concept of hypoglycemia 

being a marker of increased susceptibility to adverse clinical 

outcomes. Compared with the no-hypoglycemia group, the hy-

poglycemia group had a significantly higher clinical burden prior 

to insulin initiation, which appeared to further increase during 

follow-up. This lends support to the argument for earlier initiation 

of basal insulin when patients have a lower overall disease burden 

in terms of disease progression and comorbid conditions.21 Such 

an approach is consistent with treatment guidelines; however, 

the claims data in this analysis show that insulin therapy is often 

delayed until patients are already on 2 or more agents. 

Another consideration is that customized strategies, such as 

closer monitoring and gradual dose titration, may be warranted 

when initiating insulin in patients with more advanced disease/

greater overall disease burden. It is of interest to note that many of 

the increases in healthcare utilization and expenditure that were 

observed in the hypoglycemia group in the first year after initiation 

of basal insulin appeared to decline and/or return to baseline levels 

in the second year; thus, although patients in the hypoglycemia 

group were significantly older and more severe at baseline, they 

still derived benefit from initiation of basal insulin. 

In the current analysis, the presence of hypoglycemia-related 

claims prior to basal insulin initiation was associated with a 5 

times greater likelihood of hypoglycemia during year 1 of follow-up. 

Consistent with other analyses of hypoglycemia predictors, older 

age and the presence of complications such as neuropathy and 

chronic kidney disease were associated with an elevated risk of 

hypoglycemia.22,23 Although sulfonylurea use did not emerge as a 

predictive factor, it is well known that these drugs can contribute to 

increased hypoglycemia and that patients initiating insulin while 

on sulfonylureas should be monitored carefully. 

Initiation of basal insulin therapy was associated with a median 

reduction in OAD classes from 2 to 1 in this report. Of interest is a 

pooled analysis of 11 clinical trials showing lower hypoglycemia 

rates when basal insulin (glargine) was added to a single OAD 

(biguanide or sulfonylurea) than when it was added to 2 OADs.24 

Symptomatic hypoglycemia rates ranged an average of 4.05 events 

per patient-year for those on 1 OAD and an average of 7.18 events 

for those on 2 OADs. In the current analysis, more than 60% of 

patients in both the hypoglycemia and no-hypoglycemia groups 

were on at least 2 OADs at baseline, which may have contributed 

to the relatively high rate of hypoglycemia.

Limitations

Several limitations to the current analysis are evident. First, the 

analysis was not designed for statistical comparisons from baseline 

to follow-up; therefore, although it appears that the clinical and 

economic burdens increased to a greater degree from baseline to 

year 1 in the hypoglycemia group, these are descriptive findings and 

potential implications should be applied with caution. Although 

FIGURE 1.  Odds Ratio (95% CI) for Determinants of 
Hypoglycemia

CI indicates confidence interval; CKD, chronic kidney disease; ED, emergency  
department; hosp, hospital; LCL, lower confidence limit; OR, odds ratio; UCL, 
upper confidence limit.
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FIGURE 2.  Annual Cost Per Member Per Year by Number 
of Hypoglycemia Events at Year 1 Follow-up
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the economic data were adjusted by baseline characteristics, the 

clinical data were unadjusted. Another limitation is the paucity 

of A1C data, making it difficult to assess the relationship between 

intensity of glycemic control and hypoglycemia, although this 

has been well documented in other investigations.15,17 Inadequate 

A1C data may explain why observed A1C reductions were less than 

expected. It was also not possible to obtain accurate insulin dose/

titration information, thus the impact of insulin dose on A1C and/

or hypoglycemia could not be assessed. In addition, details allow-

ing precise definition/classification of the types of hypoglycemia 

events were not available due to the nature of documentation in 

the claims database; however, events that resulted in hypoglycemia 

codes were likely to be symptomatic, clinically relevant, and/or 

severe. The database did not capture whether or not the hypogly-

cemia event(s) required third-party assistance.

Another issue is that the analysis did not capture adequate 

information on other potentially important factors identified in 

previous reports. For example, hypoglycemia has been associated 

with an elevated risk of falls,25 but hypoglycemia-related falls 

and related economic consequences could not be evaluated in 

our report. Although gender, race, and socioeconomic status have 

been associated with hypoglycemia risk,26 the current analysis 

did not find any association with gender and data on race and 

socioeconomic status were not available. It also was not possible 

to determine whether patient cognitive or behavioral factors11,27,28 

contributed to hypoglycemia events, although mental illness was 

significantly more common in the hypoglycemia group. In addi-

tion, hypoglycemia may lead to reduced workplace productivity29; 

however, such indirect cost data were not captured. Finally, cost, 

as described in this report, could vary by healthcare plan and was 

based on billed charges; these may differ from actual amounts paid.

Despite these limitations, these claims data have advantages 

relative to electronic health records (EHRs) in that they capture 

drugs that were truly dispensed and provide data on healthcare 

utilization and expenses. Although EHR data are mostly limited 

to be collected in provider’s office, this database, like EHRs, also 

included point-of-service settings that offer a broader view of a 

patient’s care (eg, SNFs and home care that are not typically rep-

resented). The nationwide sample of commercial and Medicare 

Advantage plans provided a robust representation of the overall 

T2D diabetes population. 

Although we speculated that adding basal insulin earlier in the 

treatment of patients with T2D—when the disease burden is rela-

tively low—may be associated with a lower risk of hypoglycemia and 

the associated economic burden, a prospective clinical trial would be 

needed for confirmation (ie, the current analysis was not designed 

to make this assessment). Prospective randomized clinical trials 

are ideal for treatment assessment; however, our claims analysis 

provides insights into real-world patient outcomes and underscores 

the clinical and economic burdens associated with hypoglycemia. 

CONCLUSIONS

This retrospective cohort study of patients with T2D who initi-

ated basal insulin found that patients experiencing hypoglycemia 

during year 1 of follow-up had a significantly greater clinical and 

economic burden prior to insulin initiation than those with no 

hypoglycemia. The observed baseline differences between groups 

persisted during follow-up. These data suggest that certain patients 

may be inherently more susceptible to hypoglycemia. Notably, 

among patients who experienced hypoglycemia, hypoglycemia-

related medical expenditures and hospitalizations were major 

contributors to total healthcare expenditure. n
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eAppendix 
 
 
 
eAppendix A. ICD-9 Codes Used 
 
 
The following codes were used to help identify diabetes complications (macrovascular: 
cardiovascular disease, peripheral arterial disease, and stroke; microvascular: retinopathy, kidney 
disease/nephropathy, and neuropathy, including foot infection and lower extremity amputation), 
and other co-morbid conditions: 
 

Acute kidney disease '584' 
Chronic kidney disease '585','586','587' 
Congestive heart failure '398.91', '402.01', '402.11', '402.91', '404.01', '404.03', '404.11', '404.13', 

'404.91', '404.93', '425.4', '425.5', '425.7', '425.8', '425.9', '428' 
Foot infection '040.0', '440.24', '730.07', '730.17', '730.27', '730.97', '440.23' '707.14', 

'707.15', '707.1', '680.7', '682.7', '681.1', '681.10', '681.11' 
Gastrointestinal 
disorders 

'787.01', '787.02', '787.03', '536.2', '787.91', '787.91', '564.0', '789.0', 
'789.6', '4560', '578', '531', '532', '533', '787.3' 

Hyperlipidemia ‘272.0’, ’272.1’, ’272.2’, ’272.3’, ’272.4’ 
Hypertension '401','402',403','404','405','437.2' 
Lower extremity 
amputation 

'841', '895', '896', '897', 'V49.7' 

Mental illness ’295’-‘299’, ‘300.01’, ‘300.02’, ‘300.03’, ‘309.81’ 
Myocardial infarction ‘410’, ‘412’ 
Neuropathy '250.6','357.2' 
Nephropathy '250.4', '403', '404', '405.01', '405.11', '405.91', '580', '581' '582' '583' '584' 

'585' '586', '587', '588', '7530', '7531', '7910', 'V420', 'V451', 'V56' 
Obesity ‘278.00', '278.01', 'V853', 'V854', 'V4586', '278.03', '793.91', 'V85.54' 
Pancreatitis  '577.1', '577.2', '577.8', '577.9', '157' 
Peripheral 
Vascular/Arterial 
Disease (PVD/PAD)  

'093.0', '437.3', '440', '441', '4431', '4432', '443.8', '443.9', '447.1', '557.1', 
'557.9', 'V434' 
 

Retinopathy '250.5', '362.0','362.1','362.8','362.9','379.23' 
Stroke '362.34', '430', '431', '432', '433', '434', '435', '436', '437', '438' 

  



eAppendix B. Cohort Construction  
OAD indicates oral antidiabetes drug; T2D, type 2 diabetes. 
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Patients	  with	  T2D 

N=	  158,957 N=175,166 
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N=	  14,062 N=	  17,329 

Dispensed	  with	  OAD	  and	  no	  other	  injectable	  diabetes	  treatment	  at	  Baseline 

N=	  8,217 N=10,701 

Continuous	  insurance	  coverage	  2	  years	  post-‐Index 

N=18,918 
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eAppendix C. Baseline and Follow-up Parameters Stratified by Patients Who Did or Did Not Experience Hypoglycemiaa 
 

 
Hypoglycemia at  

Year 1 Follow-up? 
 

Baseline Follow-up Year 1 Follow-up Year 2 
Yes 

(n = 1683) 
No 

(n = 17,235) 
P Yes 

(n = 1683) 
No 

(n = 17,235) 
P Yes 

(n = 1683) 
No 

(n = 17,235) 
P 

Age, years 66 ± 12.8 63 ± 13.3 <.001       
<50  193 (11.5) 2736 (15.9) <.001       

50-64   444 (26.4) 5599 (32.5)        
65-74  558 (33.2) 5201 (30.2)        
≥75  488 (29.0) 3699 (21.5)        

Male  835 (49.6) 8979 (52.1) .052       
Median number of 
OAD classes 

2 2 N/A 1 1 N/A 1 1 N/A 

No OADs  – – – 405 (24.1) 3298 (19.1) <.001 644 (38.3) 4859 (28.2) <.001 
1 OAD class 597 (35.5) 6111 (35.5) .387 681 (40.5) 7006 (40.6)  636 (37.8) 6941 (40.3)  

2 OAD classes 747 (44.4) 7387 (42.9)  482 (28.6) 5583 (32.4)  345 (20.5) 4528 (26.3)  
>2 OAD classes 339 (20.1) 3737 (21.7)  115 (6.9) 1348 (7.8)  58 (3.5) 907 (5.2)  

Medications          
Biguanide (metformin) 1138 (67.6) 12,113 (70.3) .023 743 (44.1) 9100 (52.8) <.001 621 (36.9) 8162 (47.4) <.001 

Sulfonylureas 1197 (71.1) 11,269 (65.4) <.001 775 (46.0) 7580 (44.0) .103 539 (32.0) 6312 (36.3) <.001 
DPP-4 inhibitors 389 (23.1) 4597 (26.7) .002 271 (16.1) 3294 (19.1) .003 228 (13.5) 2741 (15.9) .011 

GLP-1 RA – – – 36 (2.1) 398 (2.3) .656 54 (3.2) 633 (3.7) .331 
Prandial insulin – – – 526 (31.3) 3139 (18.2) <.001 493 (29.3) 3465 (20.1) <.001 

Antilipid 1205 (71.6) 12,377 (71.8) .852 1254 (74.5) 12,699 (73.7) .461 1160 (68.9) 12,117 (70.3) .237 
Antihypertensive 1196 (71.1) 10,783 (62.6) <.001 1202 (71.4) 10,544 (61.2) <.001 1073 (63.8) 9809 (56.9) <.001 

Beta-blocker 402 (23.9) 3359 (19.5) <.001 407 (24.2) 3097 (18.0) <.001 323 (19.2) 2637 (15.3) <.001 
Antiplatelet 262 (15.6) 1828 (10.6) <.001 300 (17.8) 1866 (10.8) <.001 214 (12.7) 1575 (9.1) <.001 

Hypoglycemia 273 (16.2) 468 (2.7) <.001 1683 (100) 0 (0) N/A 600 (35.7) 1094 (6.3) <.001 
Hyperlipidemia 1308 (77.7) 13,154 (76.3) .197 1358 (80.7) 13,267 (77.0) <.001 1263 (75.0) 13,049 (75.7) .542 
Hypertension 1501 (89.2) 14,142 (82.1) <.001 1550 (92.1) 14,255 (82.7) <.001 1466 (87.1) 13,963 (81.0) <.001 
Pancreatitis 45 (2.7) 287 (1.7) .003 54 (3.2) 238 (1.4) <.001 29 (1.7) 177 (1.0) .009 
Microvascular 1010 (60.0) 6865 (39.8) <.001 1222 (72.6) 7824 (45.4) <.001 1176 (69.9) 8350 (48.4) <.001 



complicationsb 
Retinopathy 266 (15.8) 2112 (12.3) <.001 385 (22.9) 2561 (14.9) <.001 368 (21.9) 2755 (16.0) .002 
Neuropathy 501 (29.8) 2516 (14.6) <.001 689 (40.9) 3303 (19.2) <.001 668 (39.7) 3744 (21.7) <.001 

Lower extremity 
amputation 

55 (3.3) 103 (0.6) <.001 96 (4.6) 85 (0.5) <.001 83 (4.9) 116 (0.7) <.001 

Foot infection 297 (17.6) 725 (4.2) <.001 440 (26.1) 762 (4.4) <.001 354 (21.0) 908 (5.3) <.001 
Nephropathy 660 (39.2) 4287 (24.9) <.001 830 (49.3) 4905 (28.5) <.001 815 (48.4) 5283 (30.7) <.001 

Acute kidney disease 330 (19.6) 1410 (8.2) <.001 348 (20.7) 1145 (6.6) <.001 273 (16.2) 1091 (6.3) <.001 
Chronic kidney disease 462 (27.5) 2697 (15.6) <.001 608 (36.1) 3283 (19.1) <.001 625 (37.1) 3746 (21.7) <.001 

eGFRc (mL/min per 
1.73 m2), mean; median 

(n) 

67.1; 58.0 
(n = 140) 

76.0; 66.0  
(n = 1382) 

<.001 68.5; 59.0 
(n = 140) 

77.8; 72.0 
(n = 1382) 

<.001 68.4; 61.0 
(n = 140) 

76.8; 74.0 
(n = 1382) 

.002 

Macrovascular 
complicationsd 

828 (49.2) 5206 (30.2) <.001 978 (58.1) 5495 (31.9) <.001 892 (53.0) 5622 (32.6) <.001 

Cardiovascular 
procedurese 

128 (7.6) 934 (5.4) <.001 107 (6.4) 526 (3.1) <.001 46 (2.7) 355 (2.1) .067 

Gastrointestinal 
disordersf 

411 (24.4) 2,817 (16.3) <.001 463 (27.5) 2544 (14.8) <.001 419 (24.9) 2586 (15.0) <.001 

Mental illness 523 (31.1) 4160 (24.1) <.001 706 (41.9) 4227 (24.5) <.001 595 (35.4) 4455 (25.8) <.001 
Obesity 294 (17.5) 2542 (14.7) .003 364 (21.6) 2751 (16.0) <.001 333 (19.8) 2884 (16.7) .001 
CCI  
(including diabetes 
diagnosis) 

4.2 ± 2.6 3.0 ± 2.3 <.001 5.0 ± 2.8 3.2 ± 2.4 <.001 4.8 ± 2.9 3.4 ± 2.5 <.001 

CCI  
(excluding diabetes 
diagnosis) 

2.2 ± 2.2 1.4 ± 1.9 <.001 2.7 ± 2.4 1.5 ± 1.9 <.001 2.6 ± 2.5 1.6 ± 2.0 <.001 

A1C (%) 
(n) 

9.0 ± 2.0  
(n = 191) 

 9.4 ± 2.0  
(n = 2321) 

.004 8.5 ± 1.7 
(n = 191) 

8.7 ± 1.8 
(n = 2321) 

.076 8.4 ± 1.8 
(n = 191) 

8.6 ± 1.9 
(n = 2321) 

.241 

<7 29 (15) 188 (8) .002 33 (17) 332 (14) .198 41 (21) 388 (17) .403 
≥7 to <8 41 (21) 441 (19)  50 (26) 602 (26)  47 (25) 632 (27)  
≥8 to <9 43 (23) 484 (21)  48 (25) 493 (21)  39 (20) 498 (21)  

≥9 78 (41) 1208 (52)  60 (32) 894 (39)  64(34) 803 (35)  



A1C indicates glycated hemoglobin; CCI, Charlson Comorbidity Index; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular 
filtration rate; GLP-1 RA, glucagon-like peptide-1 receptor agonist; N/A, not applicable; OAD, oral antidiabetes drug. 
aData are presented as mean ± standard deviation or n (%), unless otherwise indicated. All categorical variables were analyzed using a 
χ2 test and continuous variables were analyzed using a t test. 
bExperiencing any of retinopathy, neuropathy, or nephropathy. 
cLaboratory values (eGFR and A1C) were presented based on patients who had measurements at baseline and at year 1 and year 2 
follow-ups.  
dMacrovascular complications included cardiovascular disease, peripheral arterial disease, and stroke.  
eCardiovascular procedures included percutaneous coronary intervention, coronary artery bypass graft, percutaneous transluminal 
coronary angioplasty, transluminal balloon angioplasty, cardiac catheterization, and thrombolytic therapy (transcatheter therapy, 
infusion for thrombolysis other than coronary). 
fGastrointestinal disorders included nausea, vomiting, diarrhea, constipation, dyspepsia, distension, flatulence, and bloating. 



eAppendix D. Baseline Characteristics Stratified by Healthcare Plan 
 
 By Database 
Parameter Commercial 

(n = 8,217) 
Medicare 

Advantage 
(n = 10,701) 

P-value 

Age 54 ± 11.1 71 ± 9.0 <0.001 
<50 years 2,654 (32.3) 275 (2.6) <0.001 

50-64 years  4,575 (55.7) 1,468 (13.7)  
65-74 years 723 (8.8) 5,036 (47.1)  
≥75 years 265 (3.2) 3,922 (36.7)  

Male  4,620 (56.2) 5,194 (48.5)  
Median Number of OAD Classes 2 2 NA 

No OADs  -- --  
1 OAD class 3,189 (38.8) 3,519 (32.9) <0.001 

2 OAD classes 3,322 (40.4) 4,812 (45.0)  
>2 OAD classes 1,706 (20.8) 2,370 (22.1)  

Medications    
Biguanide (metformin) 5,899 (71.8) 7,352 (68.7) <0.001 

Sulfonylureas 4,558 (55.5) 7,908 (73.9) <0.001 
DPP-4 inhibitors 2,615 (31.8) 2,371 (22.2) <0.001 

Anti-lipid 5,355 (65.2) 8,227 (76.9) <0.001 
Antihypertensive 4,226 (51.4) 7,753 (72.5) <0.001 

Beta blocker 1,052 (12.8) 2,709 (25.3) <0.001 
Anti-platelet 611 (7.4) 1,479 (13.8) <0.001 

Hypoglycemia 247 (3.0) 494 (4.6) <0.001 
Hyperlipidemia 6,161 (75.0) 8,301 (77.6) <0.001 
Hypertension 6,270 (76.3) 9,373 (87.6) <0.001 
Pancreatitis 162 (2.0) 170 (1.6) 0.047 
Microvascular complications 2,569 (31.3) 5,306 (49.6) <0.001 

Retinopathy 948 (11.5) 1,430 (13.4) <0.001 
Neuropathy 872 (10.6) 2,145 (20.0) <0.001 

Lower extremity amputation 60 (0.7) 98 (0.9) 0.164 
Foot infection 362(4.4) 660 (6.2) <0.001 
Nephropathy 1,319 (16.1) 3,628 (33.9) <0.001 

Acute kidney disease 406 (4.9) 1,334 (12.5) <0.001 
Chronic kidney disease 641 (7.8) 2,518 (23.5) <0.001 

eGFR (mL/min per 1.73 m2) 
mean; median (n) 

89.8; 93 
(n = 1,218) 

64.2; 57.0 
(n = 1,626) 

<0.001 

Macrovascular complications 1,495 (18.2) 4,539 (42.4) <0.001 
Cardiovascular procedures 404 (4.9) 658 (6.1) <0.001 
Gastrointestinal disorders 1,220 (14.8) 2,008 (18.8) <0.001 
Mental illness 1,877 (22.8) 2,806 (26.2) <0.001 
Obesity 1,532 (18.6) 1,304 (12.2) <0.001 
CCI (including diabetes diagnosis) 2.31 ± 1.85 3.75 ± 2.47 <0.001 



CCI (excluding diabetes diagnosis) 0.89 ±1.53 2.00 ± 2.04 <0.001 
HbA1c (%) 9.7 ± 2.2 

(n = 2,477) 
8.9 ± 1.9 

(n = 2,173) 
<0.001 

<7 206 (8.3) 244 (11.2) <0.001 
≥7 to <8 371(15.0) 525 (24.2)  
≥8 to <9 425 (17.2) 501 (23.1)  

≥9 1,475 (59.5) 903 (41.6)  
    

Facility utilization    
Inpatient hospitalization 
  Duration of hospitalization daysa 

1,704 (20.7) 
8.50 ± 10.58 

3,393 (31.7) 
10.51 ± 12.61 

<0.001 
<0.001 

Emergency room 789 (9.6) 3,901 (36.5) <0.001 
Skilled nursing facility 92 (1.1) 790 (7.4) <0.001 
Home Care 163 (2.0) 662 (6.2) <0.001 
Healthcare expenditure PMPY    
Total cost $15,237± 29941 $17,439± 31524 <0.001 
Pharmacy $4,080± 6044 $4,433± 7890 <0.001 
Medical $11,157± 28892 $13,006± 30142 <0.001 

Inpatient hospital $5,821±22956 $6,632± 23361 0.017 
Emergency room $71 ± 591 $869 ± 2594 <0.001 
Skilled nursing facility $169± 2210 $887 ± 5047 <0.001 
Home Care $121 ± 3949 $226 ± 1607 0.013 
Outpatient/office $4,975±12275 $4,393± 11224 <0.001 

Diabetes-related    
Pharmacy $1,457± 1643 $1,308± 1516 <0.001 
Medical $4,511±11325 $4,843±12048 0.054 
Data are presented as mean± standard deviation or n (%), unless otherwise indicated. All 
categorical variables were analyzed using a Chi-squared test and continuous variables were 
analyzed using a t-test. 
CCI indicates Charlson Comorbidity Index; DPP-4, dipeptidyl peptidase-4; eGFR, estimated 
glomerular filtration rate; HbA1c, hemoglobin A1c; OAD, oral antidiabetes drug. 
aBased on patients who were hospitalized. 
 



eAppendix E. Baseline Characteristics Stratified by Age 
 

 By Age Group 
Parameter Age <65 years 

(n = 8,972) 
Age≥65 years  

(n = 9,946) 
P-value 

Age 52 ± 9.1 74 ± 5.9 <0.001 
<50 years 2,929 (32.6)  NA 

50-64 years  6,043 (67.4)   
65-74 years  5,759(57.9)  
≥75 years  4,187 (42.1)  

Male  4,890 (54.5) 4,924 (49.5)  
Median Number of OAD Classes 2 2 NA 

No OADs  --- --- --- 
1 OAD class 3,486 (38.9) 3,222 (32.4) <0.001 

2 OAD classes 3,690 (41.1) 4,444 (44.7)  
>2 OAD classes 1,796 (20.0) 2,280 (22.9)  

Medications    
Biguanide (metformin) 6,593 (73.5) 6,658 (66.9) <0.001 

Sulfonylureas 5,095 (56.8) 7,371 (74.1) <0.001 
DPP-4 inhibitors 2,632 (29.3) 2,354 (23.7) <0.001 

Anti-lipid 5,885 (65.6) 7,697 (77.4) <0.001 
Antihypertensive 4,769 (53.2) 7,210 (72.5) <0.001 

Beta blocker 1,225 (13.7) 2,536 (25.5) <0.001 
Anti-platelet 696 (7.8) 1,394 (14.0) <0.001 

Hypoglycemia 286 (3.2) 455 (4.6) <0.001 
Hyperlipidemia 6,729 (75.0) 7,733 (77.7) <0.001 
Hypertension 6,894 (76.8) 8,749 (88.0) <0.001 
Pancreatitis 192 (2.1) 140 (1.4) <0.001 
Microvascular complications 2,839 (31.6) 5,036 (50.6) <0.001 

Retinopathy 953 (10.6) 1,425 (14.3) <0.001 
Neuropathy 1,121 (12.5) 1,896 (19.1) <0.001 

Lower extremity amputation 77 (0.9) 81 (0.8) 0.741 
Foot infection 435 (4.8) 587 (5.9) 0.001 
Nephropathy 1,454 (16.2) 3,493 (35.1) <0.001 

Acute kidney disease 480 (5.3) 1,260 (12.7) <0.001 
Chronic kidney disease 695 (7.7) 2,464 (24.8) <0.001 

eGFR (mL/min per 1.73 m2) 
mean; median (n) 

89.9; 93.0 (n = 
1,332) 

62.2; 57.0 (n = 
1,512) 

<0.001 

Macrovascular complications 1,756(19.6) 4,278 (43.0) <0.001 
Cardiovascular procedures 447 (5.0) 615 (6.2) <0.001 
Gastrointestinal disorders 1,438(16.0) 1790 (18.0) <0.001 
Mental illness 2,446 (27.3) 2,237 (22.5) <0.001 
Obesity 1,843 (20.5) 993 (10.0) <0.001 
CCI (including diabetes diagnosis) 2.4 ± 1.9 3.8 ± 2.5 <0.001 
CCI (excluding diabetes diagnosis) 1.0 ± 1.6 2.0 ± 2.1 <0.001 



HbA1c (%)  9.7 ± 2.2 
(n = 2,694) 

8.9 ± 1.9 
 (n=1,956) 

<0.001 

<7 229 (8.5) 221 (11.3) <0.001 
≥7 to <8 398 (14.7) 498 (25.5)  
≥8 to <9 460 (17.1) 466 (23.8)  

≥9 1,607 (59.7) 771 (39.4)  
    

Facility utilization    
Inpatient hospitalization 
  Duration of hospitalization daysa 

2,004 (22.3) 
8.97 ± 11.32 

3,093 (31.1) 
10.41 ± 12.40 

<0.001 
<0.001 

Emergency room 1,522 (17.0) 3,168 (31.9) <0.001 
Skilled nursing facility 109 (1.2) 773 (7.8) <0.001 
Home Care 249 (2.8) 576 (5.8) <0.001 
Healthcare expenditure PMPY    
Total cost $16,199 ± 31,304 $16,739 ±30,463 0.230 
Pharmacy $4,437 ± 9,170 $4,137 ± 4,615 0.004 
Medical $11,762 ± 29,359 $12,601 ± 29,505 0.052 
  Inpatient hospital $6,167 ± 22,935 $6,381 ± 23,417 0.527 
  Emergency room $355 ± 1,881 $673 ± 2,142 <0.001 
  Skilled nursing facility $185 ± 2,302 $928 ± 5,161 <0.001 
Home Care $151 ± 3,865 $207± 1,480 0.179 
  Outpatient/office $4,904 ± 12,262 $4,413 ± 11,156 0.004 
Diabetes-related    
Pharmacy $1,379 ± 1,605 $1,368 ± 1,546 0.638 
Medical $4,852 ± 12,037 $4,560 ± 11,464 0.087 
Data are presented as mean± standard deviation or n (%), unless otherwise indicated. All 
categorical variables were analyzed using a Chi-squared test and continuous variables were 
analyzed using a t-test. 
CCI indicates Charlson Comorbidity Index; DPP-4, dipeptidyl peptidase-4; eGFR, estimated 
glomerular filtration rate; HbA1c, hemoglobin A1c; OAD, oral antidiabetes drug. 
aBased on patients who were hospitalized.



eAppendix F. Sensitivity analysis: Impact of SUs, beta-blockers, and/or prandial insulin 
 

Sub-population: 

No SU/beta-
blocker at 

BOTH 
baseline and 

follow-up 

No SU/beta-
blocker at 
baseline 

No SU, 
beta-blocker, or 
prandial insulin 

at BOTH baseline 
and follow-up 

No SU, beta-
blocker, or 

prandial insulin 
at follow-up 

Prandial insulin 
at follow-up SU at baseline No SU at 

baseline 

No SU at 
baseline and 

follow-up 

 
No SU and/or 

prandial insulin 
at follow-up 

Follow-up 
hypoglycemia: 

Yes or No 
(n=) 

Yes 
(306) 

No 
(4266) 

Yes 
(404) 

No 
(5057) 

Yes 
(215) 

No 
(3477) 

Yes 
(431) 

No 
(6292) 

Yes 
(526) 

No 
(3139) 

Yes 
(1197) 

No 
(11,269) 

Yes 
(486) 

No 
(5966) 

Yes 
(409) 

No 
(5296) 

 
Yes 

(548) 

 
No 

(7398) 

Hypoglycemia 
event rate at 
follow-up 

6.7%  7.4%  5.8%  6.4%  14.4%  9.6%  7.5%  7.2%  

 
6.9% 

 

Age (years) 60 58 61 59 62 59 65 61 65 61 68 65 62 60 62 60 66 62 

Male 47% 54% 47% 53% 47% 54% 48% 53% 51% 50% 50% 52% 48% 53% 47% 53% 47% 53% 

CCI including 
diabetes 3.28 2.47 3.47 2.55 3.38 2.44 3.83 2.71 4.31 3.24 4.41 3.16 3.63 2.67 3.58 2.63 4.0 2.81 

CCI excluding 
diabetes 1.47 1.03 1.62 1.09 1.53 0.99 1.91 1.20 2.28 1.63 2.39 1.54 1.78 1.20 1.73 1.18 2.1 1.3 

Hypoglycemia 
rate at baseline 16.0% 2.2% 15.6% 2.2% 17.2% 1.9% 17.4% 2.5% 14.8% 3.4% 16.0% 2.9% 

 
16.7% 

 

 
2.3% 

 
17.1% 2.3% 17.2% 2.6% 

Hospitalization 
rate at baseline 38.2% 21.4% 41.6% 23.6% 33.0% 19.6% 42.7% 21.4% 53.6% 34.5% 46.3% 24.9% 43.4% 25.6% 42.8% 24.9% 45.6% 23.2% 

Hospitalization 
rate at follow-up 50.0% 21.0% 54.5% 23.1% 46.5% 18.5% 48.7% 18.7% 57.0% 33.0% 50.8% 22.5% 55.1% 24.6% 54.0% 24.1% 52.7% 21.1% 

Total cost at 
baseline 

$20,13
4 $13,849 $22,281 $14,865 $18,702 $12,963 $22,539 $13,896 $29,813 $20,769 $25,239 $15,369 $24,487 $16,178 $23,777 $15,980 $24,448 $14,927 

Total cost at 
follow-up 

$28,57
6 

$14,955 $ 33,337 $15,853 $26,884 $13,801 $30,402 $14,002 $43,724 $21,741 $37,117 $15,625 $34,191 $16,804 $33,401 $16,678 $34,346 $15,097 

 CCI indicates Charlson Comorbidity Index; SU, sulfonylurea.



eAppendix G. HbA1c Subgroups 
 

Year-1 follow-up HbA1c HbA1c<7% HbA1c ≥7% 

Hypoglycemia at follow-up? Yes No  Yes No  
(n=94) (n=743) (n=328) (n=3,449) 

Hypoglycemia event rate 11.2%   8.7%   
Age (years) 67 61 64 61 
CCI including diabetes 5.2 3.6 4.6 3.2 
CCI excluding diabetes 2.9 1.8 2.4 1.4 
Microvascular complications 73.4% 49.4% 69.5% 48.8% 
Macrovascular complications 63.8% 34.9% 55.5% 28.4% 
Hospitalization rate at baseline 57.5% 29.8% 40.0% 20.6% 
Hospitalization rate at follow-up 61.7% 35.5% 42.7% 19.0% 
HbA1c (n=59) (n=476) (n=210) (n=2,529) 

   Baseline (%) 8.4 8.41 9.2 9.6 

   Follow-up Year-1 (%) 6.37 6.43 8.98 9.11 

   Difference (%) (Follow-up - 
Baseline) -2.03 -1.97 -0.21 -0.49 

CCI indicates Charlson Comorbidity Index; HbA1c, hemoglobin A1c. 
 


